Different psychosocial characteristics have been associated with allergic disorders. The aim of this study was to examine whether atopic constitution and reports of allergic symptoms were related to personality trait of neuroticism, exposure to stressful life events and estimates of quality of life. Atopy was determined by skin prick test and reports of nasal and pulmonary allergy-related symptoms. Actively working individuals of both genders took part in the study (n=145, age range: 20 to 66 years). The participants were divided in three groups. The fi rst group was composed of those with negative skin prick test and without symptoms (n=57), the second of those with positive skin prick test but without symptoms (n=28), and the third of those with positive skin prick test and symptoms (n=60). The groups did not differ signifi cantly in neuroticism, exposure to stressful life events, or quality of life. Women reported more pronounced neuroticism and anxiety, higher exposure to stressful life events, and were less satisfi ed with their environment than men. In our sample of active workers we found no association of neuroticism, exposure to stressful life events, and quality of life with atopy and allergic symptoms.
The interest in the relationship between psychosocial factors and allergic diseases may historically be linked to a period when underlying inflammatory basis of allergic diseases was not revealed, and allergic diseases were considered to be of psychosomatic origin. Nowadays, the studies of their relationship can be viewed from the standpoint of the biopsychosocial model of disease (1) (2) (3) (4) (5) . The model postulates that one needs to take into consideration the interaction between biological, psychological, and social factors to be able to understand different disease outcomes, i.e. vulnerability to disease, disease onset, expression of symptoms, disease progression, exacerbation, recovery, survival, and associated quality of life. Within the model (5), psychological and social factors infl uence disease processes through domains of psychosocial processes, health behaviours, stress, and the domain of health psychological interventions (5) . Psychosocial processes include factors such as personality traits, various moods and social relationships, and resources which are important for the interpretation of and responses to life events and stressors. Health behaviours include factors such as alcohol and drug use, smoking, sleep, nutrition, exercise, and adherence to medical regimens. The effects of all these factors are mediated through neuroendocrine and immune mechanisms, and in an interaction with the biological characteristics of a person they may have different disease outcomes (5) .
Epidemiological and clinical studies have examined the relationships between several psychosocial factors and allergic diseases, predominantly asthma (6, 7) . Some of the studies examined the relationships between allergic diseases and various personality traits, such as neuroticism (8, 9) , anxiety (10) (11) (12) , extraversion/introversion (9) , shyness (13, 14) , and depression (11) . Others were more oriented towards relationships with psychological processes which were supposed to be less stable over time in comparison to traits. They include studies of the relationships between allergic diseases and exposure to various stressors (9, (15) (16) (17) (18) (19) , stress vulnerability (10), social support and confl icts (17, 18) , stress reactions, and mental health (9, (20) (21) (22) (23) . Health behaviours and coping with allergic diseases were also studied (24) . In the domain of health psychological interventions the effects of writing about stressful events were studied (25) . Some studies investigated the associations between allergic diseases and quality of life (9, 26) . A meta-analysis of prospective studies of the relationship between psychosocial factors and allergic disorders (7) revealed a positive association between psychosocial factors and future allergic disorders as well as between allergic disorders, and future poor mental health. In addition, it indicated that in healthy populations, psychosocial factors had the aetiological effect on allergic disorders and in a population with already developed allergic disorders they had a prognostic effect for the course of the disorder.
The majority of studies performed till now have examined the association between psychosocial factors and allergic diseases, and did not attempt to distinguish between asymptomatic atopic constitution and allergy symptoms. Atopy is defi ned as a personal and/or familial tendency, usually in childhood or adolescence, to become sensitised and produce IgE antibodies in response to ordinary exposures to allergens. Atopy should be documented by objective markers, i.e. IgE antibodies in serum or by a positive skin prick test. A person of the atopic constitution may develop typical allergic symptoms of asthma, rhinoconjuctivitis, or eczema (27) .
Timonen et al. (28, 29) studied the relationship between objectively documented atopy and depression. Atopy was documented by the skin prick test, while depression was diagnosed by a doctor and its severity measured with a symptom checklist. The authors found that atopic women had a greater risk of being diagnosed as depressive than did non-atopic women, and the risk was higher in those having clinically manifest atopic disorders (28) . This association was not observed in men. When the subjects were also categorised according to the severity of depression symptoms (29) , the authors observed a higher proportion of diagnosed depressions in women with a positive prick test and suffering from allergic symptoms than in women with a negative skin prick test and without allergy symptoms irrespective of depression severity. In men, however, this association was found only in subjects having the most pronounced symptoms of depression (29) . Klokk et al. (30) studied the relationships between total and allergen-specifi c IgE and symptoms of anxiety and depression in women. Unlike Timonen et al. (28, 29) , they did not fi nd any association between depression/anxiety and IgE levels.
In this study we were able to examine the relationship between objectively documented atopy and three psychosocial factors which were previously found to be related to allergic diseases in studies that did not objectively determine atopy. We examined the relationships with factors from different psychosocial domains of the biopsychosocial model of disease. Two of them might affect vulnerability to disease and manifestation of disease symptoms. One was the trait of neuroticism (8, 9) from the domain of psychosocial processes. The other was exposure to life events (18) from the domain of stress. In addition, we investigated the relationship with subjective quality of life (9) from the domain of disease outcomes. The aim of this study was to see whether there were any differences in neuroticism, exposure to stressful life events, and subjective quality of life between subjects who differed with respect to presence of atopy and allergic symptoms. The differences were evaluated taking into account the gender, as some studies have indicated that the relationship between psychosocial factors and allergic disease differ between men and women (8, 28, 29) .
SUBJECTS AND METHODS
This study was a part of a larger project on immunotoxic effects of indoor bioaerosols and lifestyle factors conducted at the Institute for Medical Research and Occupational Health, Zagreb, Croatia. The project included subjects who were employed and actively working at the time of the study. They participated on a voluntary basis, and signed an informed consent before they entered the study. The project was designed in accordance with the Declaration of Helsinki, and approved by the Institute's Ethics Committee.
Subjects
The initial sample comprised 220 workers who received the information about the study at their workplace and applied voluntarily for participation. Seventy five participants were excluded, as they reported respiratory symptoms which were not related to atopy. Therefore, in this study we analysed the data of 145 participants (of whom 107 were women). Their age ranged from 20 years to 66 years (mean=43.45 years, SD=9.85 years). According to education level, six subjects had elementary school level, 66 secondary school level, and 73 university level. One hundred and thirty-nine were "white collar" workers, and six "blue collar" workers.
The subjects were asked to pay a visit to the Institute twice in one week. On the fi rst day they went through an extensive medical interview and skin prick testing, whereas psychosocial factors were examined on the second day. The procedure and results of other examinations are reported elsewhere (e.g. 31, 32).
Skin prick test
Skin prick testing (SPT) was performed using a standard method (33) with a panel of common inhalatory allergens, including grass pollen mixture, birch, hazel, weed (Ambrosia elatior, Artemisia vulgaris) pollens, mites Dermatophagoides pteronyssinus, Dermatophagoides farinae, and Lepidoglyphus destructor, cat, dog, and moulds Cladosporium herbarum and Alternaria alternata (Allergopharma, Germany). SPT included testing with positive control solution (10 mg mL -1 of histamine hydrochloride) and negative control solution (buffer solution). Skin reaction (wheal) was evaluated after 15 min. The mean skin reaction (mean wheal diameter) was calculated according to the formula (D+d)/2, where D represented the largest longitudinal diameter and d its midpoint orthogonal diameter in mm. For statistical evaluation of the SPT results, the difference between mean skin reaction to each allergen and negative control solution was used as a parameter of SPT reactivity. The results of SPT were considered positive when the mean wheal diameter was larger than the negative control for 3 mm or more to at least one tested allergen.
Allergic symptoms
A questionnaire including general data and medical history was completed by a physician for each subject. Data about a history of nasal and pulmonary symptoms were also collected. Nasal symptoms included sneezing, watery rhinorrhea, and nasal obstruction (not related to common cold), which are the symptoms compatible with the recent defi nition of allergic rhinitis proposed by the Allergic Rhinitis and its Impact on Asthma (ARIA) Workshop guidelines (34) . Pulmonary symptoms included episodic dry cough, wheezing, and dyspnoea, which is compatible with the Global Initiative for Asthma (GINA) guidelines for diagnosing asthma (35) . Those who reported one or more nasal symptoms and/or two or more pulmonary symptoms were considered to have allergic symptoms.
The subjects were assigned to one of three groups, according to their SPT results for inhalatory allergens, and to their allergic symptoms ( 
Psychosocial factors
The quality of life was assessed using the World Health Organization Quality of Life Questionnaire (WHOQOL-BREF, 36). The WHOQOL-BREF consists of 26 questions, of which 24 are divided in four domains of quality of life: Physical Health (7 items), Psychological Health (6 items), Social Relations (3 items), and Environment (8 items). The two remaining questions refer to Overall Quality of Life and General Health. The subjects estimated the quality of their lives over the previous two weeks, and each answer was rated on a Likert-type scale from 1 to 5. The mean score on items within each domain was multiplied by four, thus converting scores to a range between 4 and 20. The higher score indicated better QOL. High internal consistency and test-retest stability had already been established for the Croatian version of the WHOQOL-BREF in an earlier study (37) .
The data on stress levels were assessed by means of the Social Readjustment Rating Scale (SRRS), (38) . The SRRS comprises a list of 43 life events (e.g. death of a spouse, child birth, change in residence, change in job, getting married, completing education), which are listed by the rank order of their stressfulness. The participants were asked to mark all the events that had taken place in their life over the previous 12 months. The total score on the SRRS represents the sum of all marked events, scored from 119 to 22, according to the scale values by Miller and Rahe (39) . The theoretical range of the scores is 0 to 2117, with higher score indicating higher stressfulness of life.
Neuroticism was assessed using the Cornell Index Form N3 (40, 41) . Cornell Index is a selfadministered multi-scale measure of personality traits and psychosomatic disturbances. It comprises 100 questions grouped in 12 scales: Hypersensitivity (12 items), Phobia (7 items), Anxiety (11 items), Depressiveness (7 items), Cardiovascular conversions (5 items), Inhibitory conversions (9 items), Gastric conversions (11 items), Hypochondria (13 items), Obsessive compulsive tendencies (6 items), Impulsive tendencies (3 items), Aggression (9 items), and Psychopathic tendencies (7 items). Ten additional questions constitute a "lie scale" with items of high desirability and low endorsement, and a "frequency scale" with items of high desirability and high endorsement. Total score is used as a measure of Neuroticism, with higher score indicating higher level of neuroticism, i.e. lower level of emotional stability. Since the "lie scale" and "frequency scale" are not scored, the theoretical range of total scores is 0 to 100.
Statistical analyses
Two-way analyses of variance were performed with the following dependent variables: Neuroticism (total score in the Cornell Index), Anxiety (subscale of the Cornell Index), four domains of the quality of life: Physical Health, Psychological Health, Social Relations, and Environment (results in the WHOQOL-BREF by domains), and Stress (total score in the SRRS). The between-subject factors in all analyses were Group (negative SPT without symptoms, positive SPT without symptoms, positive SPT with symptoms) and Gender (men, women).
For the Depression subscale of the Cornell Index, nonparametric Kruskal-Wallis test was performed for the grouping factor Group (negative SPT without symptoms, positive SPT without symptoms, positive SPT with symptoms) and Mann-Whitney U test for the grouping factor Gender (male, female).
In all analyses, p values of less than 0.05 were considered signifi cant.
RESULTS
The results of the ANOVAs are given it the Table  2 , and the mean values by group and gender are given in the Table 3 . Table 2 shows that the only signifi cant effect was the main effect of Gender. The differences between men and women were found for Neuroticism as a total score in the Cornell Index, for the Anxiety subscale of the Cornell Index, for the domain of the Environment in the WHOQOL-BREF, and for stress levels in the SRRS. Women showed greater neuroticism, anxiety and stress levels, and were also less satisfi ed with their environment than men.
The scores on the Depression subscale of the Cornell Index grouped around zero (median=0, mode=0). The Mann-Whitney U test showed that the depression score did not differ between men and women (Z= -1.856, p=0.063), and the Kruskal-Wallis test showed no differences between the three groups (χ 2 =3.324, df=2, p=0.190).
DISCUSSION
The relationship between allergic disorders and various psychosocial factors has been studied extensively . However, there are few studies that examined the associations between objectively measured atopy and psychosocial factors (28) (29) (30) 42) . Our study has attempted to give further insight in these associations by examining the relationship between atopy determined on the basis of the skin prick test, and neuroticism, exposure to stressful life events, and subjective quality of life, measured with questionnaires. Sensitisation to common allergens and development of typical symptoms of an allergic disease usually occurs in childhood and adolescence. However, a recent study has shown a signifi cant increase in the prevalence of atopy markers (IgE antibodies, positive skin prick test) in Croatian adult population in the period between 1985 and 1999, particularly in men (43) . The reasons for the fi rst occurrence of atopic diseases in adulthood are still unknown. The possible role of gene-environment interactions and of sex hormones in the development and outcome of the atopy are to be explored in future studies (44, 45) . This study has examined the association of psychosocial factors with atopy and concurrent allergic symptoms in adulthood.
In a study of self-reported asthma diagnosis in adult population, higher levels of neuroticism were related to higher prevalence of asthma, but no such relationship was observed with the incidence of asthma (9) . In a cross-sectional study of self-reported allergy in adult population (8) , higher levels of neuroticism were associated with increased likelihood of diagnosed allergy. This association was specifi c for men. The results of these studies indicate that the relationship between neuroticism might be gender specifi c, and that neuroticism was not relevant for the aetiology of allergic disorders. In our study, atopic subjects did not show higher levels of neuroticism in comparison to non-atopic, regardless of whether they reported allergic symptoms or not. If the subjects with high neuroticism had perceived allergy symptoms more readily than those with low neuroticism (8), we would have found higher neuroticism in atopic subjects who reported allergic symptoms. However, these are not our fi ndings. We did not examine the level of neuroticism with respect to the diagnosis of the allergic disease, but with respect to the reports of allergic symptoms. Therefore, we do not know how many of our atopic subjects who reported allergic symptoms perceived their symptoms serious enough to visit a doctor, and whether they had been diagnosed with allergic disease. Consequently, we can not speculate on the possible impact of diagnosed allergic diseases on the level of neuroticism, which was implied by earlier studies (8, 9) . The use of Cornell Index in our study made it also possible to analyse anxiety and depression, factors which have often been found to be related to allergic diseases (10-12). Klokk et al. (30) did not fi nd any relationship between atopy, i.e. level of IgE, and symptoms of anxiety/depression in women. Based on those results, the authors did not doubt that there in fact was an association between anxiety and depression and allergic diseases, but they questioned the relevance of IgE as a common factor in that association. Similarly, in our study we did not fi nd a signifi cant association of anxiety and depression with atopy (i.e. positive skin prick test). The fi ndings of an association between atopy and development of life-time depression in some studies (28, 29, 42) do not contradict our fi nding, as none of our subjects had diagnosed depression. Furthermore, we only measured self-reported symptoms of depression, which turned out to be virtually non-existent in our sample.
The relationship between stress and allergic disease has received substantial scientifi c attention. Some studies evaluating the association between exposure to stressors and allergic diseases indicated signifi cant associations while others did not. Thus, in a healthy adult population, stressful life events were found to be associated with the rate of asthma hospital admissions (18) , but daily stress did not predict the onset of asthma (9) . In adults who had already developed asthma (46) , different types of stress were not found to be associated with asthma morbidity. Severely traumatic events, which happened before the age of 16, predicted asthma at adult age (47) . In our study, stressful life events experienced over the previous 12 months were not related to atopy and reports of allergic symptoms. This negative fi nding is consistent with the results of a recent meta-analysis (7), which showed that mere exposure to stressors, either stressful life events or daily stressors, did not increase the risk of allergic disorders. Only when exposure to stressors evoked negative stress reactions or when social support was poor, they had an adverse impact on allergic disorders (7) . Those fi ndings pointed out the importance of individual differences in reacting to the same stressors, and the importance of supportive social relations in the development of allergic diseases.
Allergic diseases may have a major impact on the quality of life in various domains (26) . In our study, we did not fi nd signifi cant differences in the subjective estimate of life quality in the domains of Physical Health, Psychological Health, Social Relations, or Environment between non-atopic subjects, atopics without allergic symptoms, and atopics with allergic symptoms. These fi ndings may indicate that asymptomatic atopy does not affect quality of life in general, and that neither do relatively mild allergic symptoms which were observed in our study.
The only signifi cant differences in psychosocial characteristics were observed between men and women. The signifi cantly higher neuroticism and anxiety in women is consistent with earlier studies (48, 49) . In our study, women also showed higher stress levels due to exposure to life events. This may refl ect both a greater number of perceived stressful events and the perception of more stressful life events in women. Gender differences in exposure to stressful life events have not been consistent in previous studies (50) . Some confi rmed them, and in others women reported more events only in certain categories (e.g. interpersonal relations), while some studies did not fi nd any gender differences in life event exposure. We also observed that women gave lower estimates of their quality of life in the domain of Environment than men. This may refl ect the level of satisfaction with environmental aspects that are in some way specifi c for our sample, since there are no similar fi ndings in a pool of data obtained in 23 countries (51) .
Our sample may be somewhat specifi c, and that may have infl uenced the obtained results. Namely, the sample gathers adult working population whose participation in the study was not determined by the presence of any allergic disease. Furthermore, the fact that our subjects were working at the time of the study, speaks for itself about their general state of health. This probably narrowed the range of variations in reported symptoms and negative psychological states.
Our study has some limitations. Firstly, due to the cross-sectional design we could not examine the temporal relations between psychosocial factors, atopy, and concomitant allergic symptoms. Only a longitudinal study would enable an analysis of possible causal bidirectional relations between psychosocial factors and atopy. Secondly, we did not give a reference time period for questions about allergic symptoms, and therefore registered any history of allergic symptoms. This should not confound a possible relation between reported allergic symptoms and stable psychological characteristic such as Neuroticism. However, it may have confounded possible relations with exposure to stress and perceived quality of life in different domains, which were registered for a defi ned reference period. Thirdly, the Cornell Index scores were generally low, indicating good mental health of our subjects. Taking into account that our sample included subjects from active working population, we expected that a vast majority of scores for Neuroticism, Anxiety, and Depression would fall into a relatively narrow range of normal results. Yet, the narrow range of scores may have contributed to non-signifi cant relations between scores of scales from the Cornell Index and atopy.
The results of this study based on cross-sectional design did not indicate any association between atopy and psychosocial characteristics. There were also no indications that the presence of allergic symptoms in atopic subjects made any difference in their psychosocial characteristics in comparison with characteristics of atopics without symptoms or characteristics of non-atopics.
